INTRODUCTION
Yeast are unicellular eukaryotes belonging to phylogenetic group of fungi and classified into two groups Ascomycetous and Basidiomycetous (Gadanho et al., 2003) . Yeasts are extensively exploited for production of alcoholic beverages, leaven bread dough, enhance or impart a meaty flavour to food products, preparation of soups, gravies, meat products, sauces and in the flavouring of snacks (Stewart et al., 1998 ; Walker et al., 1998; Erten & Tanguler., 2006). Sacchromyces cerevisiae, a specie of yeast, is a cheaper source and have been very instrumental in baking, winemaking and brewing since very very long ago (Stam, 1998) . As a result of fermentation of molasses, a huge amount of yeast cream is produced every year. About ~1300 tons dry matter (DM) of distillery yeast biomass is disposed of annually (Khan, 2001) . It is considered as a toxic waste and its disposal creat environmental problems due to its some polluting characteristics (Bustamante, 2008) . Proximate analysis indicated that yeast cream contains 27 to 29% crude protein that could be utilized as a single cell protein (SCP) for poultry and feed stock for fish diets (Sharif, 2012). Poultry industry is highly dynamic and progressive industry that is expanding with every passing day, it has became a leading protein source for human beings. However, continuous supply of chicken is directly linked to uninterrupted supply of broiler's feed -especially its ingredients. Protein requirements vary according to animal need, for example, poultry broiler chicks need more protein as compared to layers i.e. White Leghorn chicks. Among chief broilers feed ingredients, the (essential) amino acids are of chief importance for chicks development. Various independent studies have unraveled the importance of amino acids in chicken development. U.S. Organic poultry companies concluded that low amount of metheionine in fast growing birds can reduce immune response, poor feathering, cannibalism and feather pecking and increase mortality (Anne 2008). Diet of birds enriched with sulphur containing amino acids (metheionine and cysteine) can increase the antitoxicity which can prevent damage to cells by combating with free radicals (Anonymous, 2009) and thus boost defense against invading pathogens (Diz, 2006) . Although, in the current scenario, soyabean is being used widely in poultry industry but studies have shown that the relative amount of methionine and cystine is quite low that making it unideal to use in poultry industry. These two amino acids, methionine and cysteine respectively, are major limiting amino acid for birds (Baize, 2000) . To meet the protein demands of broiler's feed industry, different sources including plants, whey, fish meal and feather meal were exploited. However, limitations were observed for example cereals contain only 12-15% protein while, 15-20% of protein is required for growing chicks, additionally, this source is deficient in essential amino acids like methionine and/or lysine.Synthetic herbal products (likeAV/CAP/18) enriched with methionine, choline, lysine and biotin are used in broiler feed which have capability of feed additive as well as hepatoprotective (Kanuri, 2014). Fishmeal, another protnecious source, is relatively deficient in methionine, lysine, histidine, and tryptophan as compared to other source of protein. Feather meal has high content of cysteine, which can inhibit the uptake of both D-and L-methionine in the chick mucosal epithelial membrane (Saima, 2008) . Previous studies have shown that addition of organc acids in poultry feed can effectively increase the absorption of vitamins D and K in chickens, and helps in the formation of soluble salts of calcium and iron (Teresa, 2009) . Fresh acid whey mixed with a poor-quality feed effectively declined the mortality rate due to the high amount of amino acids like methionine, lysine and tryptophan. All aforementioned amino acids are, present in high amount in the yeast cream as compared to cereals and these are essential for the growth and health of the animals (Sudha, 2005). The poultry industry is gaining an importance in developing countries like Pakistan with an annual growth rate about 8 to 10% (Economic Survey of Pakistan, 2013-2014). On the other side, increasing human population have generated the competition between human beings and poultry for feed.
Yeast cream, an extremely good source of single cell protein (SCP), is formed as a by-product after the fermentation of molasses by Saccharomyces cerevisiae in bioethanol industry. A huge amount of yeast cream is produced annualy but seldom has destined as protein source in food industry therefore, produced yeast cream, is discarded due to no utilization especially in under developed countries including Pakistan. The yeast cream can be utilized in various food and feed industries (espcially in poultry industry) in a promising way to solve the protein shortage problems. Although, in previous century, several attempts have been under taken at larger scale to opt SCP as a potential human food ingredient to combat the protein shortage but failed due to its potential hazardous ingredients. However, adopting SCP as a potential poultry feed ingredient can potentially alleviate the such effects. This current study was aimed at deciphering the amino acid level in yeast cream in order to investigate its potential usage in poultry industry . To meet the objectives, three different independent yeast cream samples of two different strains of Saccharomyces cerevisiae Instant saf and Thermophilic yeast (Red) were collected from Shakarganj sugar mills distillery, Jhang and their amino acids profiling was determined with the help of HPLC. Our results pinpointed that yeast cream produced by Thermophilic yeast (Red) contains optimal level of essential amino acids. Thus, we hereby recommend that yeast cream produced by Thermophilic yeast (Red) can potentially be employed, as a protein source, in poultry feed. However, careful and sophisticated experimentation is required before adopting yeast cream as a protein substitute in poultry feed.
Ultimately the price and scarcity of feedstock create poor performance of poultry industry. It is estimated that poultry feed accounts for 65-75% of total production cost (Esonu, 2006). This has forced the scientist to explore alternate source of protein, especially economical and those one where human are not directly competeing for food with animals. Keeping in mind of such conditions, we investigated the useability of yeast cream, which is by product of distillation process and have no commercial and economical values in Pakistan, as a raw source of protein to replace other sources on which human are directly dependent. To best of our knowledge, no study is available in Pakistan that focus on use of yeast cream as a potential source of amino acids. The study describes here examined with a motive to unravel the nutritional importance of yeast cream in poultry industry. In this purposed study, amino acid profiling along with presence of lactic acid was assessed for commercial use of yeast cream in poultry feed.
MATERIALS AND METHODS

Sample collection and defatting of samples
Batch samples of yeast cream from three independent fermenters were collected carefully from the Shakarganj Sugar Mills Distillery, Jhang, Pakistan. Yeast cream samples produced from commonly used yeast (Saf Instant) was named "S", while yeast cream samples produced by thermophilic yeast (Red Alcohol) were labeled with "T". Collected samples were dried in oven at 60 o C for 2 days. The samples were defatted by Soxhelt's apparatus (Pyrex 3740-S, USA) at the Department of Animal Nutrition, University of Agriculture, Faisalabad. To dafat the samples, a known weight of dried sample was extracted with petroleum ether (40 to 60 o C) in Soxhlet's apparatus. The extracted material was collected in a petridish and oven dried at 60 o C. Samples were stored and used for HPLC analysis.
Crude protein and nitrogen estimation
Crude protein and percentage of nitrogen was estimated with the help of Kjeldahl's apparatus as described by A.O.A.C, 1990 at Central Hi-Tech Laboratory, University of Agriculture, Faisalabad. A known weight of dried sample was digested in Kjeldahl flask with 30mL of concentrated sulfuric acid and 5g of digestion mixture (CuSO4 0.5g, FeSO4 0.5g, K2SO4 0.5g and 25mL H2SO4 /100mL). The contents of the flask were heated until light green or clear solution was obtained. The digested material was diluted in a 250mL volumetric flask. 10mL of diluted and digested sample solution was transferred into micro Kjeldahl distillation apparatus along with concentrated solution of NaOH (40%). Ammonia was diluted into 10mL of Boric acid (2%) solution containing a few drops of methyl red indicator.The distillate was titrated against N/10 sulphuric acid to light pink colour end point. From the volume of N/10 sulphuric acid, percent nitrogen was calculated by using the following formula: %Nitrogen = Volume of N/10 sulphuric acid used x .0014 x 250 x 100
Volume of diluted solution x weight of sample
The percentage of crude protein was worked out by using the following formula % Crude Protein= % Nitrogen x 6.25
Sample preparation for HPLC analysis
To determine the amino acid profile through High Pressure Liquid chromatography (HPLC, Model 10A, Schimadzu, Japan). To hydrolyze the protein into amino acid 70mg of dried yeast cream was pored into test tube then dissolved in 5mL of 6N HCl and Nitrogen gas was passed through all the samples under vacuum to remove the excess HCl. Test tubes were sealed using a flame produced by a mixture of different gases. Samples were placed in the oven at 110 o C for a period of 22 hours. All the samples were cooled to room temperature and test tubes containing the samples were broken from the top. Treated samples of yeast cream were transferred to the China dishes, oven dried at 60 o C and mixed thoroughly with 3mL of 0.02N HCl. Samples were then centrifuged at 10,000rpm for 15 minutes (min) and supernatant containing amino acids were separated for final HPLC analysis.
HPLC analysis for amino acid estimation
The concentration of amino acids were assessed in yeast cream samples through HPLC after modifying the method described by Skotty and co-worker (Skotty et al, 1996). The amino acid profiling in yeast cream samples were determined at temperature 30°C by using nonpolar or reversed phase C-18 Octadecyl Silicate (ODS) column having 15cm length, 4.6mM diameter and particle size of 5µM. Solvent triflouroacetic acid (0.1%) and acetonitrile (99.9%) used as a mobile phase with different mixing ratio using a gradient mode of HPLC and flow rate maintained at 1mL/min. The amino acids were detected using spectral detector (SPD-10AV, Schimadzu) at a 280nm wavelength. The amino acids peaks were acquired using CSW32 software and were calculated on amino acid calibration standards. The results of different samples of yeast cream were compared with standards of amino acids for both quantitative and qualitative analysis (Table 1) . Retention time and peak areas of standards were noted and calculated respectively. These calculations were employed for estimation of amounts of different amino acids present in the samples of yeast cream. A whole set of experiments was repeated thrice.
RESULTS
Optimization of amino acid standards
All the aforesaid HPLC conditions were used to check the concentration/separation of standards amino acids and found to be satisfactory. Every standard was run in equal concentration (100 µg/mL) and all the parameters (including retention time, peak area and peak height) were determined. These resuts pinpointed that the first amino acid, iso-leucine, was eluted at 2.33 minutes while last amino acid, glutamine, was eluted at 37.50 minutes run time (Table 1) . 
Separation of different amino acids through HPLC
The current HPLC based method used for the determination of amino acid gave clear separation of different amino acids from the yeast cream. The sequence of elution of all the test amino acids from both samples were similar to standards. Different amino acids were determined in varying, from low to high, amount thus proving the sensitivity of the method.
Amino acid profiling of S-samples
The opted HPLC method not only separated the different amino acids from Ssamples very well (Figure 1 ) but also showed that different essential amino acids were present in yeast cream in very reasonable amount (Figure 2 ). Despite a concerted effort, serine and glutamine could not be determined in yeast cream produced from Saf Instant yeast (S-samples). Although, such amino acids could not be detected through HPLC, however, presence of these amino acids in very minute quantity can not be ruled out, that may be due to below the detection limit of HPLC. The most abundant amino acid was iso-Leucine (36%) followed by arginine (34%) and Threonine (12%). While amino acid present in low amounts were tyrosine (5%), methonine (2%), phenylalanine (2%) repectively (Figure 2 ).
The lactic acid was also present in low amount which is 9%. 
Amino acid profiling of T-samples
Separation of different amino acids in T samples were also achieved through this methods and figure 3 is showing the chromatographic separation of different amino acids. Interestinlgy, amino acid profile of yeast cream samples "T" showed that amino acids, absent in S-samples, were found to be present in Tsamples (Figure 4 ).
Figure 4 Pie chart of Amino acid profile of thermophilic yeast cream (Red)
Serine that could not be detected in S-samples was very high (~87%) in Tsamples. Similalry, glutamine percentage was found to be 4% in T-samples. Another, major exception was absence of arginine in these samples that rendered it good.However, other amino acid iso-Leucine (4%), tyrosine (3%), therionine (2%), phenylalanine (1%), methionine (0.1%) and, glutamine were present in very low amount. While lactic acid was found to be 1% (Figure 4 ).
Crude protein/nitrogen estimation and defating of dried yeast samples
Before HPLC, the yeast samples were subjected to crude protein estimation through Kjeldhal method. This method gave an approximate idea about the percentage of protein.
The results showed that concentration of crude protein was higher in T-samples (9.42%) as compared to S-samples (7.31%). However, the quantity of fat was found to be almost same i.e ~8% in both yeast samples.
DISCUSSION
The study described here was stimulated by the increasing demand of protein (as feed) in poultry industry. Such increase in demand is being met from plant and animal sources on which human are dependent, thus, leading towards paucity of (2012) showed that 0.34% methonine and 0.75% play an important for the growth of birds.Amino acid profiling of collected yeast cream showed the presence of methionine in both samples, however, relatively abundance of methionine is high (2%) in S-samples (Fig. 1) while, the percentage of methionine was 1% in T-samples (Fig. 2) (Gbmegia,2012) . These findings showed that thermophilic yeast cream have optimum quantity as afeedstock for growing birds. The percentage value of arginine was quite high in S-samples (34%, Fig. 1 ), even quite higher than recommended quantity (1-1.44%) of arginine in poultry diet (Lewis, 1963) , while arginine could not be detected in samples-T. The arginine has previously been shown to be essential for improving egg production, egg weight as well as improving meat quality by modulating lipid metabolism, which in turn reduces the body fat accumulation and increases the antioxidant defense, furthermore, L-arginine has the ability to alleviate stress, normalise growth performance, reduces mortality under low ambient temperatures, attenuates the adverse effects of heat stress and high stocking density, activates the immune system and enhances its responses to different common diseases in poultry farms (Fouad, 2012). Although, yeast cream is highly enriched with arginine, however, substantiate amount of arginine should be adjusted if yeast cream is opted as feed source.
Threonine is a major component of plasma γ-globulin in animals and it found to 12% in S-samples (Fig. 1) , while merely 2% threonine was found to be present in T-samples (Fig. 2) . Threonine often appears as the third limiting amino acids, its dietry intake influences the components of the immune system (Li, 2007), although no clear report of a special need of threonine for immunity in poultry is present (Kidd, 2004) . L-threonine is the necessary complement of L-lysine for which it optimizes the use by animals for body protein deposition and weight gain. Moreover, L-threonine plays an important role in maintenance processes and more particularly in digestion. Khan et al., (2006) experimentally proved that digestible threonine level of 0.73% helps in gaining weight, feed consumptionand improves breast meat yield (Khan, 2006) . So, again our results are showing that yeast cream produced by thermophilic strain (T-samples) has optimum level of threonine (Fig. 2) , hence can be used in poultry feed. Mehri et al., (2012) worked out the ideal ratios for both methionine and threonine to lysine, of Ross x Ross 308 male broiler chicks, from day 3 to day 16. Response surface methodology was employed using a central composite design. Body weight gain was maximized when Lysine was 1.12% and Methionine was 0.54%, corresponding to a Methionine/Lysine ratio of 48. Similar optimum requirements were noted for feed conversion with Lysine at 1.13% and Methionine at 0.53%, corresponding to ideal ratios for Methionine/Lysine of 47. The S-sample showed methionine and threonine in same concentration i.e 2% (Fig. 1) , while T-sample contain methonine 1% and threonine 2% (Fig. 2) , which is almost similar ratio which is given by Mehri et al.,(2012).Branched-chain amino acid (BCAA, Valine, Isoleucine and Leucine) have been demonstrated vital for the development of immune organs , whereas it appears difficult to dissociate the specific effect of each BCAA (Li, 2007; Kidd, 2004) . The lowest Isoleucine:Lysine ratio (0.73:1) was sufficient to ensure satisfactory performance of birds, corresponding to the consumption of 534mg of isoleucine and 731 mg of lysine/day (Heloisa, 2012) . No differences were observed in the performance of hens over a wide range of dietary Isoleucine concentrations, but it can be inferred that the lower isoleucine:lysine ratio (0.73:1), can provide satisfactory performance of laying hens (Etienne, 2011) . Current results showed that valine and leucine are absent in both Saf instant and extromophile yeast samples. Neverthless, isoleucine is present in higher quantity in S-samples 36% (1.6mg/mL), while in T-samples contain desired level of isoluecine which is about 4% (0.4mg/mL). Previous results showed that the broiler weight gain and feed conversion improved when isoleucine was supplemented to the lowest dietary isoleucine level fed. Supplementation with equal amounts of arginine did not alleviate the dietary isoleucine limitation, thus validating the essentiality and marginality of isoleucine in practical corn-soybean meal diets when at least 2% of meat-and-bone meal is present in diet formulation (Corzo, 2008). The isoluecine level present in S-samples is 36% (Fig. 1) , which is much higher than recommended levels while, in T-sample the level of isoleucine level is 4% which is near to recommended level (Fig. 2) .
Vegetable protein is not a complete source of protein for Layer's feed. The low amount of protein retards the growth of birds. When the protein level exceeded from optimum level, it will undergo domination which converted protein into uric acid and removed as a fecal nitrogen and cause environmental pollution. On the other hand, in dominating process bird's loses more energy as compared to other process of the body. It is suggested that methionine 0.34% is optimum for growth of poultry (Gbmegia, 2012). Kalinowski et al., 2012 reported that the total methionine requirement in 0 to 3 week old broiler chicks was 0.50%, regardless as to whether they were slow or fast feathering strains (Kalinowski, 2003) . However, it was noted that the cysteine requirement was 0.39% for slowfeathering males versus 0.44% of fast-feathering males. Nutri-genomics study revealed that tryptophan is helpful increasing immune response and for better health of broiler (Trevisil, 2012). High concentration of machine and intestinal infection can be decreased by increasing threonine in the diet (Star, 2012).Valine showed significant response when dietary protein is low in broiler feeds (Magdalena, 2013). Our results pinpointed that yeast cream produced by extremophile (T-samples) contains optimum quantity of threonine of 2% while, higher amount of threonine (12%) was present in S-sample (Fig 1 and 2) . Teresa (2009) showed that fresh acid whey or lactic acid in the amount of 4cm 3 /L (4mL/L) in poutry feed could effectively prevent the reduction in poultry production by decreasing the mortality risk in chickens as compared to chickens fed with a poor-quality diet (Teresa, 2009 ). However, a negative effect on broilers production was observed when acidified diet (containing both whey and lactic acid) was given in addition to acidified drinking water, so broiler producers should not use lactic acid or whey as drinking liquid if the chicken are being fed with acidified diet (Teresa, 2009) . HPLC analysis of yeast cream showed that both T-and S-samples contain sufficient amount of lactic acid, thus can be adopted as feed source for broilers ( Fig. 1 and 2 ). The high level of serine in amino acid anlaysis is one of the main problem for utilization of yeast cream as a source of feed so, one possible way to deal this sort of problem to add a enzyme serine dehdratase which deaminate the serine into pyruvate. In order to industrilizd and economized this process immobilized serine dehydratase is good option.
CONCLUSION
The overall study indicated that T-sample which is obtained from cream of Thermophilic yeast (Red) has optimum level of amino acids and lactic acid contents, thus it can be opted as a potential ingredient of poultry feed. Some amino acids are present in larger quantity in yeast cream, for example serine, such amino acids should be brings to optimum level to make yeast cream an excellent supplement for broilers. Although, alone yeast cream could not be used as a feed in poultry industry but can be mixed with other feed sources, thus a competition can be reduced for food inbetween human and brids. However, careful analysis and trials should be conducted on broilers before mixing it with other poultry ingredients. This study is a key step for utilization of waste of yeast cream of distillery as a broiler feed which is not being tried yet.
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